Changing regulatory approaches to fortification in Canada have enabled the expansion of the novel beverage market, but the nutritional implications of these new products are poorly understood. This study assessed the micronutrient composition of energy drinks, vitamin waters, and novel juices sold in Canadian supermarkets, and critically examined their on-package marketing at 2 time points: 2010-2011, when they were regulated as Natural Health Products, and 2014, when they fell under food regulations. We examined changes in micronutrient composition and on-package marketing among a sample of novel beverages (n = 46) over time, compared micronutrient content with Dietary Reference Intakes and the results of the 2004 Canadian Community Health Survey to assess potential benefits, and conducted a content analysis of product labels. The median number of nutrients per product was 4.5, with vitamins B 6 , B 12 , C, and niacin most commonly added. Almost every beverage provided at least 1 nutrient in excess of requirements, and most contained 3 or more nutrients at such levels. With the exception of vitamin C, there was no discernible prevalence of inadequacy among young Canadian adults for the nutrients. Product labels promoted performance and emotional benefits related to nutrient formulations that go beyond conventional nutritional science. Label graphics continued to communicate these attributes even after reformatting to comply with food regulations. In contrast with the on-package marketing of novel beverages, there is little evidence that consumers stand to benefit from the micronutrients most commonly found in these products.
Introduction
In recent years, the sale of novel or functional beverages including energy drinks, sports drinks, "vitamin waters", and functional juices has burgeoned in North America and Europe (Agriculture and Agri-Food Canada 2011; Heckman et al. 2010; Malik et al. 2010; Zucconi et al. 2013) . Product formulations variously include caffeine, herbal substances, vitamins, and minerals, and the products are often regulated differently than conventional beverages. Nutrient-enhanced novel beverages began to proliferate in Canada following the introduction of the Natural Health Products (NHP) regulations in 2004 (Natural Health Products Directorate 2003 . This regulatory framework allowed for manufacturerdriven food fortification (sometimes termed "discretionary" or "voluntary" fortification), granted manufacturers more liberty in product marketing on the basis of nutrition, and exempted them from the nutrition labelling requirements applied to packaged food products (Natural Health Products Directorate 2003) . However, concerns about consumer confusion around foods marketed as NHPs mounted, and in 2011 Health Canada initiated a process to transition NHPs in food format, beginning with caffeinated energy drinks, to oversight by the Food and Drug Regulations (FDR) (Government of Canada 2008) . Novel beverages resembling foods and consumed as foods are now regulated as foods, and must provide consistent nutrition information and labelling.
In Canada, vitamins and minerals have historically been added to foods to address public health concerns, following principles outlined in the Codex Alimentarius (Codex Alimentarius Commission 1991; Health Canada 2005) , but the introduction of novel beverages into the Canadian market marked a departure from these principles. The extensive literature on energy drinks indicates that their vitamin levels are typically well in excess of recommended intakes (Burrows et al. 2013; Heckman et al. 2010; McLellan and Lieberman 2012 ). Yet research and regulatory action related to these products has focused primarily on their caffeine content (Burrows et al. 2013 ; Committee on Nutrition and the Council on Sports Medicine and Fitness 2011; Heckman et al. 2010; McLellan and Lieberman 2012; Rotstein et al. 2013; Seifert et al. 2011; Sohyun et al. 2013) . Consistent with this trend, the restrictions recently introduced by Health Canada to guide the transition of energy drinks from NHPs to foods continue to permit very high levels of micronutrient addition to these products, while setting limits on the addition and promotion of caffeine (Food Directorate (Health Products and Food Branch) 2012) . Similarly high maximum levels of fortification are proposed in the draft guidelines recently released for a broader array of "supplemented foods" (Food Directorate 2014) .
To gain insight into the potential nutrition benefits of novel beverages that have been brought to market through this changing regulatory approach to food fortification, we followed the evolution of micronutrient composition and on-package marketing of a sample of novel beverages from their entry into the Canadian market place under the NHP regulatory framework in 2010 to 2014, when they were regulated as foods by FDR. Our primary objectives were to (i) assess the potential nutrition benefits afforded by novel beverages by virtue of their micronutrient composition, and (ii) examine the purported benefits of products as this was represented through on-package marketing. A secondary objective was to identify changes in the fortification and on-package marketing of novel beverages concomitant with the transition of these products from NHPs to "foods".
Policy framework
As highly fortified products, novel beverages did not comply with the FDR; they gained entry into the Canadian marketplace as NHPs through the Natural Health Products Regulations (Natural Health Products Directorate 2003) that came in to effect in 2004. A small number of other "products in food formats" were introduced under this legislation as well, but beverages comprised the vast majority. Under NHP regulations, beverages were assessed and approved for licensing on a case by case basis. Standards for nutrient additions were not published or made publicly available, but NHPs had to comply with specific labelling requirements. In addition to displaying a brand name and product number, product labels had to include a recommended purpose/use statement, recommended dose, risk information, medicinal ingredients (i.e., any substance that contributes to the pharmacological activity of the product) (Natural Health Products Directorate 2014) and quantity per dose, and nonmedicinal ingredients.
In 2011, Health Canada began transitioning novel beverages to regulation as foods by issuing new guidance for caffeinated energy drinks (Food Directorate (Health Products and Food Branch) 2012) . The move coincided with the actions of regulatory bodies in many countries that were reviewing, and in some instances restricting, the marketing of energy drinks (Reissig et al. 2009 ). New labelling and compositional guidelines, including published maximum nutrient levels and prohibited nutrient additions, were established for caffeinated energy drinks in Canada at this time.
In 2012, vitamin waters, enhanced juices, and the remainder of NHPs in food format began the process of reclassification to foods and transition to the FDR. Key to the transition process were Temporary Marketing Authorization Letters (TMALs) issued when preliminary risk assessment deemed that the product did not pose any immediate safety concerns. In some cases, manufacturers were required to provide additional labelling (i.e., caution or warning statements) over and above regulations for prepackaged foods, and products deemed unsuitable for sale as foods were given the opportunity to reformulate. TMALs were issued on a case by case basis, permitting market access while at the same time giving Health Canada time to gather data to inform regulatory amendments.
While regulations for novel beverages and other former NHPs in food format, other than caffeinated energy drinks, have yet to be finalized, a draft guidance document circulated in June 2014 outlined compositional and labelling requirements for what are referred to as supplemented foods. Supplemented foods include the food-like products that were formerly regulated as NHPs (Dietitians of Canada 2014). Novel beverages must comply with FDR labelling requirements. As with conventional foods, they are required to display a Nutrition Facts table. The draft guidelines also prohibit the addition of certain vitamins and minerals and set maximum levels for others, which in some cases differ depending on whether the product is targeted to adults or the general population. Distinct from conventional foods, however, guidelines for caffeinated energy drinks and Temporary Market Authorization (TMA) of enhanced waters and juices continue to permit extensive nutrient additions; most of the permitted nutrients are allowable at levels well above nutrient requirements (Food Directorate (Health Products and Food Branch) 2012; Food Directorate 2014). The nutrient levels set out in the 2014 draft guidance document differ from those set out in the 2011 guidelines for caffeinated energy drinks; for some nutrients (e.g., magnesium, vitamin B 6 , and vitamin C), higher levels of addition are permitted while for others (e.g., vitamin E, niacin, and potassium) lower levels are outlined.
As of December 2012, all TMA-eligible products formerly regulated as NHPs had transitioned to the food regulatory framework (Food Directorate 2014), with over 400 novel beverages (273 caffeinated energy drinks, 73 waters, and 64 juices) having received TMALs as of March 2014 . However, the nutritional implications for consumers of this apparently growing category of fortified beverages have yet to be explored.
In this study, we examined the micronutrient composition and on-package marketing of a sample of novel beverages found in Canadian supermarkets in 2010-2011, a period when they were regulated as NHPs, and in 2014, when these same products had been transitioned to the food regulatory framework. A summary of key findings from our examination of the novel beverages sampled in 2010-2011 is presented in Tarasuk (2014) .
Materials and methods

Data collection
A comprehensive survey of front-of-package nutrition-related marketing of all packaged foods and beverages in 3 large supermarkets in downtown Toronto, representing the top 3 food retailers in Canada (Canadian Grocer 2008) , was conducted between July 2010 and August 2011 (Sacco et al. 2013; Sumanac et al. 2013) . Products found in the pharmacy and check-out areas were excluded from the survey. Excluding identical products found in more than 1 store, the survey captured 20 520 unique products. All beverages stating "Natural Health Product" on their principal display panel were identified for inclusion in the study. Sports drinks, while broadly considered novel beverages, were not included in this sample because they did not fall under NHP regulations at the time of initial data collection. Eighty NHP beverages were identified, and upon return to the stores, 66 were found and purchased for analysis. The other 14 beverages were no longer stocked.
Thirty-nine of the 66 original products were on store shelves when we returned to the supermarkets in July 2014. Nutrient and label information for an additional 7 beverages was obtained online to yield a sample of 46. We recorded all of the information in the Nutrition Facts tables on these products and noted any changes in the product labels. Of the 20 products in our original sample not found in supermarkets or online in 2014, 7 were listed as having received TMALs, suggesting that they were still on the market. The remaining 13 products may not have met TMA eligibility requirements, although an inspection of the nutrient contents of these products recorded in 2010-2011 revealed only 1 product that would not have been compliant with current guidance. Thus it appears more likely that the products were discontinued for marketing reasons.
Data analysis
Products were classified as caffeinated energy drinks, nutrientenhanced water beverages, or nutrient-enhanced fruit beverages based on the container label. Using the listing of medicinal ingredients provided on the container label for the 2010-2011 sample and the Nutrition Facts table for the 2014 sample, the micronutrients present were assessed according to stated serving size. Nutrients reported on the labels in 2014 only as percentages of Daily Values (DVs) were converted to their original units. A paired t test was used to compare the energy content of beverages in 2010-2011 and 2014, considering only those products providing energy content information in both years (n = 33). The small sample size and high level of heterogeneity in product formulations precluded the application of statistical tests to compare the nutrient content of beverages in 2010-2011 and 2014. Instead, changes were charted for each product individually and patterns summarized in frequency tables.
To ascertain the relationship between product formulations and the nutrient needs of potential consumers, the nutrient contents of all beverages in 2010-2011 and 2014 were contrasted with Estimated Average Requirements (EAR) or the Adequate Intake (AI) for nutrients where the requirement distribution had not been estimated (Institute of Medicine 1997 Medicine , 1998 Medicine , 2000 Medicine , 2002 Medicine , 2005 Medicine , 2011 . The EARs and AIs define nutrient intake levels that are believed to satisfy the requirements of a healthy individual, considering not only the level of nutrient intake required to avoid deficiency, but also intake levels consistent with optimal health and reduced risk of chronic diseases, insofar as there is evidence to support such determinations (Institute of Medicine 2008). We chose to use the EAR rather than the Recommended Dietary Allowance (RDA) or DV to assess the contribution of beverages to nutrient requirements because the median of the requirement distribution for a specific age/sex group is the best estimate of the requirement of any randomly chosen person in the group, whereas the RDA would be higher than the nutrient requirement for most people and the DVs currently used in Canada are based on outdated science about nutrient requirements (Institute of Medicine 2003). Additionally, the EAR corresponds directly with the population-level assessment of nutrient inadequacy that we drew upon to establish how beverage nutrient contents corresponded with needs in the Canadian population. As a sensitivity analysis, however, we recalculated beverage nutrient contents in relation the RDAs. Our comparison of nutrient contents with Dietary Reference Intakes focused on males 19-30 years because this age/sex group is one of the target markets for novel beverages. Moreover, they represent the most conservative choice for the comparison because young men's requirements for the nutrients found in beverages sampled are higher than those for adolescents or young adult women, who also appear to be market targets for the products.
Comparisons of beverage nutrient contents with the Tolerable Upper Intake Levels (ULs) for young adults (19-30 years) were conducted for nutrients found in the beverages for which ULs have been characterized: niacin, vitamin A, vitamin B 6 , vitamin C, and zinc. We also examined nutrient contents of beverages in relation to the maximum safe levels of addition published for energy drinks (Food Directorate (Health Products and Food Branch) 2012) and those recently proposed for other classes of novel beverages (Food Directorate 2014). Our intent was not to evaluate compliance with these thresholds, but rather to look for potential explanations for any marked changes in product formulation from 2010-2011 to 2014.
To examine how the vitamin and mineral content of novel beverages relates to the nutrient needs of the Canadian population, taking into account usual nutrient intakes from food, the micronutrient contents of the beverages were contrasted to the prevalence of nutrient inadequacy for different age/sex groups estimated from the 2004 Canadian Community Health Survey, Cycle 2.2 (Health Canada and Statistics Canada 2008) , which is the most recent population survey of dietary intakes in Canada (Health Canada 2012a , 2012b Health Canada and Statistics Canada 2008) .
To examine the on-package marketing of novel beverages, a content analysis of the messages communicated on product labels was undertaken. Content analysis has been useful to examine the marketing of foods to children (Elliott 2008) as it provides a method for documenting and analyzing the meaning of messages that are presented in a variety of formats. Applying this approach to our data, all beverages purchased in 2010-2011 were coded in terms of all verbal claims, language, and graphics on the front and back of package. The coded data within each beverage category were then analyzed inductively for dominant and unique messages, and the role of nutrients and nutrition was more broadly considered. Labelling on products retrieved in 2014 was systematically compared with the analysis of 2010-2011 data to identify any changes.
Results
Sixty-six different novel beverages were examined in 2010-2011, 46 of which were re-examined in 2014 (Table 1) . These included 22 caffeinated energy drinks, 16 enhanced waters, and 8 novel juices. The majority (83%) were manufactured or distributed by Coca-Cola or PepsiCo, highlighting the global nature of these products. Energy content of beverages The mean energy content of beverages examined in 2014 was 130 ± 82 kcal/serving (range: 0-290 kcal/serving). All 3 beverage types included calorie-reduced products, with 12 beverages (26%) containing 50 kcal or less per serving. NHPs were not required to declare energy content on the label, and only 33 of the beverages retrieved in 2014 provided such information in 2010-2011. There was no significant difference in the energy content of these beverages over time (t value 1.59, 32 df, p = 0.1226). Among individual products, the only marked change was for 3 novel juices that contained 30-50 kcal/serving less in 2014 than 2010-2011; the serving size of these juices had also decreased from 547 mL to 500 mL over this period.
Micronutrient content of beverages
The number of micronutrients listed on each container ranged from zero to 9 in 2014, with a median of 4.5 micronutrients (Fig. 1) . While the median was unchanged from 2010-2011, at that time 1 product, a vitamin water, contained 11 different micronutrients. No micronutrients were reported on the label of 5 beverages in either year; 4 of these were energy drinks and 1 was a fruit beverage.
The micronutrient content of the beverages per stated serving size in 2014 is summarized in Table 2 . (A detailed summary of the micronutrient content of beverages in , published in Tarasuk (2014 , is reproduced with permission in Supplementary  Table S1 .) Most products contained vitamins B 6 , B 12 , niacin, and vitamin C, and many contained B vitamins in quantities well in excess of the EAR or AI for young adult men (Table 2) . Eighteen beverages contained more than triple the EAR for vitamin B 6 (with 3 containing more than 7 times the EAR), 11 contained more than 3 times the EAR for vitamin B 12 (with 6 containing 6 times the EAR, and 2 containing more than 12 times the EAR, respectively), 7 contained more than 3 times the EAR for niacin, 6 contained more than 3 times the EAR for riboflavin (with 2 products containing more than 6 times the EAR), and 3 contained more than 4 times the AI for pantothenic acid. Thirty-eight beverages (83%) provided at least 1 nutrient in an amount exceeding the EAR or AI for young adult men, and most contained 3 or more nutrients at such levels.
Because fortification levels were so high, all beverages that exceeded 100% of the EAR for a nutrient also equaled or exceeded 100% of the RDA for men aged 19-30 years. Comparison of nutrient levels with RDAs revealed that 7 vitamin waters contained precisely 100% of the RDA for vitamin B 12 in a single serving and 1 contained 100% of the RDA for vitamin C for this age/sex group.
Changes in nutrient content were observed in 23 products (Table 3) . These ranged from the almost complete reformulation of products (notably the 3 Fuze (Coca-Cola) beverages), to the addition or removal of specific nutrients, to changes in the levels of fortification for some nutrients in some products. While some changes, such as the addition of calcium to Monster energy drink (Coca-Cola), significantly altered the potential nutritional contribution of the beverage, in other cases, only trace amounts of a nutrient were added or nutrients already in ample amounts were markedly increased (e.g., vitamins B 6 and B 12 in Red Bull, Red Bull GmbH). In some instances, such as the removal of calcium from some novel juices, the change was consistent with Health Canada's proposed guidance (Food Directorate 2014), but not all additions and subtractions clearly related to these proposed standards.
No beverage was found to exceed the UL for vitamin B 6 , vitamin C, or zinc in a single serving in either year of data collection. One novel juice was found in 2010-2011 with retinol at the level of the UL (3000 g), but this product was subsequently reformulated and in 2014 was not in excess. In both 2010-2011 and 2014, 7 energy drinks contained nicotinamide at levels above the UL set for niacin by Institute of Medicine (35 mg), but these products were below thresholds that have been defined by other groups specifi- Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)
Relation to public health need
A comparison of the nutrient content of beverages with current data on nutrient inadequacies in the Canadian population suggests considerable incongruence between beverage formulations and population health needs (Fig. 1) . Among the nutrients with some evidence of inadequacy among young adults, vitamin C was found in 27 (59%) beverages, and vitamin A was present in 11 (24%). While calcium was found in 16 (35%) beverages, the levels of addition were very low in 8 of these products. Other nutrients with some indication of inadequacy (i.e., vitamin D, folate, magnesium, potassium, and zinc) were rarely added ( Table 2 ).
The population prevalence of inadequacy has not been charted for pantothenic acid, chromium, or vitamin E, yet 30 beverages (65%) contained 1 or 2 of these nutrients. In addition, most (82%) of beverages contained at least 1 nutrient for which there is no evidence of need, with 26 beverages (57%) containing 3 such nutrients, and 6 beverages (13%) containing 4. Ten energy drinks contained only nutrients for which there is no evidence of need among young Canadian adults or no population data on intakes. All 10 contained niacin and vitamin B 6 , but most also had vitamin B 12 and riboflavin, and 5 contained pantothenic acid.
When compared with their nutrient composition in 2010-2011, there was no change in the number of "needed" nutrients in 31 products (67%), but 8 contained more needed nutrients and 5 contained fewer in 2014. In 7 products, at least 1 B-vitamin with no evidence of need was removed, but in 1 case, another B vitamin was added. One or more nutrients of need had been removed from 6 products. The primary positive change was an increase in the number of beverages containing calcium. Twelve beverages that had not appeared to contain calcium in 2010-2011 included this nutrient in 2014, but the levels of addition in 8 of these were relatively low, ranging from 11 to 44 mg/serving (5.5% of the EAR for young men).
Relation to DVs
Although not required in 2010-2011, all but 4 of the 46 beverages retrieved displayed Nutrition Facts tables at the time of our data collection in 2014. Thirty-eight products (83%) declared 100% or more of the DV for at least 1 nutrient, including 25 for vitamin C, 24 for vitamin B 12 , 19 for vitamin B 6 , 12 for riboflavin, 8 for niacin, 4 for pantothenic acid, and 2 for vitamin A. Nutrition Facts table values on 10 products (all energy drinks) exceeded 500% DV 
Energy drinks
Beaver Buzz 3 A very small amount of calcium was added to 1 product, and the amounts of vitamin A and E in 2 products were reduced Monster 5 Calcium (330 mg) and small quantities of vitamins A and C were added to 2 products Red Bull 2 Riboflavin was removed, vitamins B 6 and B 12 were increased 4-to 5-fold, and pantothenic acid was reduced in 2 products Rockstar 4 Pantothenic acid was removed from 1 product and a small amount of calcium (11 mg) was added to a second
Water beverages
Aquafina 7 Relatively small amounts of calcium (22-44 mg) and potassium (60 mg) were added to 6 products Glaceau 9 Vitamins A and B 12 were removed from 2 products, and zinc (3.6 mg) was added to 1
Novel juices
Fuze 5 Calcium was removed from 3 products. In 2 of these products, niacin, pantothenic acid, and vitamin B 12 were also removed, vitamin C was increased, and vitamins A, B 6 , and E were reduced In the third product, magnesium and potassium were removed, vitamins A, C, and E were reduced, and vitamin B 6 was added Lassonde 1 Vitamin A was added Tropicana 1 Folate was listed on the Nutrition Facts table in 2014, but not declared as a "medicinal ingredient" in 2010−2011 for vitamin B 12 , and values above 400% DV were found on 3 products for vitamin B 6 and 2 for riboflavin.
On-package marketing
The novel beverages sampled in 2010-2011 included recommended purpose or use statements, as required under the NHP regulations (Natural Health Products Directorate 2003) but distinct from labelling requirements applied to packaged foods. These statements were explicit about the benefits of the product, focusing either on its nutritional attribute(s) or the specific use or purpose of the beverage. (A summary of recommended purpose statements found on the beverages in 2010-2011 is provided in Supplementary Table S2 1 .) Many statements indicated that the beverages had been specially formulated or "enhanced" to achieve particular outcomes including "enhanced performance" and "replenishing" and "restoring" nutrients. Four of the beverages that were re-examined in 2014 contained the same labels that were found in 2010-2011, but the remainder had updated FDRcompliant labels that included a mandatory Nutrition Facts table; recommended purpose/use statements were omitted as well as other text no longer permissible under the FDR. However, label graphics and messaging remained largely the same from 2010-2011 to 2014. They continued to convey meaning and benefits related to specially formulated beverages. There were differences in label messages by beverage category, and these also persisted in 2014.
Energy drinks
Through their recommended purpose or use statements and other on-package text, energy drinks from 2010-2011 promoted special formulations that provided "wakefulness" for the mind and body. B vitamins were commonly highlighted on the container along with compounds such as taurine, guarana, caffeine, and ginseng. Beaver Buzz's (DD Beverage Company) 2010-2011 label dubbed this group of compounds the "Performance Blend", "Developed for athletes, Enjoyed by everyone".
Under the FDR, recommended purpose or use statements were removed and voluntary statements are required to be specific so that the aforementioned text on Beaver Buzz's drinks (DD Beverage Company) did not appear on the beverages examined in 2014. However, the images and graphics on energy drinks changed very little from 2010-2011 to 2014, and they continue to convey particular reasons for the need for energy. For example, "Rockstar" (PepsiCo) through its name and star graphics suggested energy to party, while the more serene, sleek, and simple packaging of "Red Rain" (Cott Beverages) suggested stimulation for the mind. The "Full Throttle" (Coca-Cola) container was plain and stark except for a graphic of a livewire across the front of pack, conveying the feeling of a serious jolt.
Water beverages
Aquafina (PepsiCo) and Glaceau (Coca-Cola) took distinct approaches to the on-package marketing of their enhanced water beverages:
In both 2010-2011 and 2014, the messaging on Aquafina (PepsiCo) suggested that the products provided important nutrients for health in addition to hydration. Although not required under NPH legislation, the 2010-2011 label contained a Nutrition Facts table in addition to a recommended purpose statement deeming the product "an excellent source of antioxidant vitamins C and E and B vitamins to help maintain health". The 2014 label was very similar save for the recommended purpose statement. The sleek label with little marketing suggested that delivering nutrients via water was the main purpose of the product (i.e., a liquid nutrient supplement).
The on-package messages on Glaceau VitaminWaters (Coca-Cola) in both 2010-2011 and 2014 suggested that each product had been nutritionally formulated to achieve a certain effect that could be ascertained by the product name, the highlighted nutrients, and text blurb that appeared on the front of the containers. While some beverages were promoting benefits linked to conventional nutrient functions (e.g., immune function), others tied nutrient formulations to emotional and physical benefits that are not usually ascribed to nutrient function. For example, "Restore" highlighted B vitamins and potassium and displayed the following on the 2014 label:
Ever feel like something is ______ in your life? We know the feeling. It's a wonder we can make it through the ______ sometimes. But don't give ______. There are brilliant things people just like you discovered when all the pieces of their ______ came together, like ______ and even this drink you're holding. The b vitamins and potassium help replenish you to keep you on your feet, and after we help keep you hydrated, you can help us fill in the ______.
Novel juices
Novel juices were a more heterogeneous group than energy drinks and water beverages in terms of appearance and onpackage marketing. They were also the most dynamic, with changes in product names and varieties from 2010-2011 to 2014 being the most evident in this category of beverages. They included beverages such as SoBe (Fuji apple cranberry; PepsiCo), which was transparent, like flavoured water, and had label messages emphasizing its low calorie composition; and POM Antioxidant Super Tea (POM) that had messages focused on its "antioxidant super extract". This group of beverages also included beverages that closely resembled conventional juices in colour and consistency, such as Lassonde's Oasis NutriSource juice blends (Lassonde Industries) and Tropicana's Trop50 juices (PespsiCo). The labels on these beverages in both 2010-2011 and 2014 utilized regulated nutrient source claims (e.g., "good source of vitamin C") and function claims (e.g., the role of a particular nutrient as an antioxidant).
CocaCola's Fuze beverages were the only brand of novel juice that diminished in number of varieties/flavours, from 7 varieties found in 2010-2011 to 5 available in 2014. These beverages contained on-package messages emphasizing the significance of specific nutrients by highlighting each one and providing an explanation for each nutrient's function in the body. The Fuze "Shape" beverages (Coca-Cola) were calorie-reduced products, with label messages emphasizing a low calorie formulation. The nutrient, chromium, was promoted in 2010-2011 and 2014 on the basis that " [it] helps the body to metabolize carbohydrates and fats."
Discussion
This examination of novel beverages sold in Canadian supermarkets revealed extensive nutrient enrichment of these products. Their on-package marketing highlighted conventional nutritional attributes such as immune support and antioxidant properties, and some made use of source and function claims related to specific nutrients. In addition, nutrients were often juxtaposed with messages related to performance and emotional well-being. However, both the selection of nutrients and the levels of addition appear haphazard from the perspective of nutrient requirements and nutrient needs within the population. The nutrients most commonly added were B vitamins for which there is little or no prevalence of inadequacy among the young adults and adolescents (Health Canada and Statistics Canada 2008) , the age groups to whom these products appear to be targeted. Moreover, many beverages contained these nutrients at levels several times greater than average nutrient requirements. With the sole exception of vitamin C, most beverages contained few nutrients for which a prevalence of inadequacy had been charted among young adults, and where such nutrients were found, they were often in very small amounts. While our findings suggest that consumers stand to reap little or no benefit from the nutrient additions in novel beverages, most products were being marketed as if they provided a unique benefit to the consumer through the nutrient additions.
Our comparison of products from 2010-2011 to 2014 revealed some important changes in product labelling, but relatively little change in the nutrient composition or marketing of most products. In defining a list of nutrients for which addition is prohibited, Health Canada has reduced safety risks associated with some fortification practices that occurred under NHP regulations by limiting or prohibiting specific nutrient additions, but the new guidance is not designed to steer manufacturers towards the addition of nutrients that would address existing nutrient inadequacies in the population. Thus it is not surprising that we observed so few compositional changes. Abolition of the recommended purpose statements required under NHP regulations and the inclusion of Nutrition Facts tables makes these beverages now appear more similar to foods. However, many continue to be differentiated from conventional beverages by their extraordinarily high levels of nutrient addition and aggressive on-package marketing as nutritionally beneficial choices. Additional evidence of intensified marketing among the novel beverages in this study can be seen when comparing their nutrition labelling to findings in a recent study of nutrition marketing on processed foods in Canada (Schermel et al. 2013) . In that study, 34% of fruit and fruit juices bore vitamin and mineral content claims, whereas all of the novel juices in our study bore such claims. More research is needed, however, to better understand how the nutrition marketing on novel beverages impacts consumers' perceptions of these products relative to juices and other more conventional beverages.
The requirement that novel beverages now display Nutrition Facts tables will facilitate comparisons between products, but it is questionable how well this information will enable consumers to differentiate potentially beneficial nutrient additions from others. Almost all of the values listed on products examined here were above 15% DV, the level that Health Canada has described as being a good benchmark of foods with "a lot" of a nutrient per serving. However, most beverages also reported nutrient levels in excess of 100% DV. It seems unlikely that consumers will interpret such values as indications of the potential for unnecessary and possibly excessive nutrient exposure. In a large Dutch consumer survey of "functional foods", which included fortified beverages such as those in this study, nearly half of respondents believed that food with added calcium could be consumed in unlimited amounts (de Jong et al. 2003) . In a recent qualitative study in the UK, the presence of added nutrients was used to justify food choices perceived as otherwise unhealthy, as illustrated in a comment that vitamin-enriched soft drinks were "an easy way to stay healthy" (Cornish 2012) . Indeed, much of the on-package marketing described in this study, particularly regarding vitamin waters and juices, reinforces the idea that novel beverages are a good way to meet nutritional needs.
Although the on-package marketing of novel beverages was closely tied to their micronutrient content, the disconnect between such high levels of nutrient addition and human nutrient requirements begs the question of what purpose these additions serve for manufacturers. A recent review of the literature on energy drinks found no evidence that the addition of B vitamins to these beverages enhanced their effects on physical or mental performance (McLellan and Lieberman 2012) . Thus the rationale for such high micronutrient levels in novel beverages is not apparent.
Our examination of the nutrient contents and on-package marketing of novel beverages is limited by the small size of our sample. By restricting our sample to products sold on grocery store shelves and available at 2 points in time, we have captured only a fraction of the beverages now approved for sale in Canada through TMALs (Health Canada 2014). More research is needed to fully characterize the nature and magnitude of nutrient additions to these products and their on-package marketing. However, insofar as we have charted the nutrient composition and marketing of a subset of products that have remained on the market through a period of regulatory transition, our data provide an important window into the potential nutrition implications of this new direction in beverage manufacturing and marketing.
While there is no evidence of nutritional benefit from intakes in excess of estimated requirement levels (Taylor and Meyers 2012) , it could be argued that there is no harm in consuming nutrients such as B vitamins at levels well in excess of human requirements. None of the nutrient additions we observed exceeded the maximum levels for safe addition proposed by Health Canada (Food Directorate (Health Products and Food Branch) 2012; Food Directorate 2014) . No single serving of the beverages examined in 2014 contained nutrient levels in excess of ULs except in the case of niacin, where arguably the Institute of Medicine's UL should not apply to nicotinamide, the form added to these products (Rotstein et al. 2013 ). Health Canada's recently published risk assessment of energy drinks concluded that the micronutrients present in a typical energy drink would not pose a health risk in the short term, but at the same time, the authors acknowledged the uncertainty in gauging the safety of long-term consumption at these levels (Rotstein et al. 2013) .
Most of the nutrients permitted for addition to novel beverages are allowable at levels well above nutrient requirements (Food Directorate (Health Products and Food Branch) 2012; Food Directorate 2014), with maximum levels of addition intended to avoid chronic nutrient exposures in excess of accepted safe upper levels. But, these estimates are fraught with untested assumptions about the resultant nutrient exposures and tolerable intake levels (Tarasuk 2014) . There is limited data upon which to determine the safety of current levels of exposure (Taylor and Meyers 2012) , let alone the tolerable upper levels for chronic nutrient exposures arising from expanded food fortification and supplement use (Rasmussen et al. 2006) . The question of safety hinges on how the high nutrient levels found in many novel beverages will impact total nutrient exposure over time, recognizing that for consumers of novel beverages, the nutrients these products supply add to nutrients from other fortified and natural food sources ingested, as well as any nutrient supplements consumed. Without chronic exposure data, we can do nothing more than speculate on the potential health implications of current directions in the fortification and marketing novel beverages.
In an effort to better protect consumers from unsafe nutrient loads while facilitating the sale of novel beverages, the regulatory environment in Canada is changing; however, at the time of writing, guidelines for supplemented foods have not been finalized. Novel beverages present a challenge to regulators whose role is to ensure that consumers are not mislead or unnecessarily exposed to excessive nutrient intakes. And, the extent to which the regulatory tools currently available (i.e., existing labelling and compositional regulations) can adequately enable consumers to make informed choices, in the best interest of health and safety, remains an open but important question. Even if current nutrition education campaigns could be extended to provide more support for consumers to accurately interpret the information on the Nutrition Facts table, the potential for nutrition labelling to aid consumers in managing risk is surely limited by the fact that one-third of Canadians do not use the label as a source of nutrition information (Goodman et al. 2011) .
In sum, there is little evidence of population health need or benefit associated with most of the nutrients contained in novel beverages, and the marketing of these products purports benefits that go beyond conventional nutritional science. At a time when regulatory bodies in many countries, including Canada, are moving to place restrictions on the formulation and marketing of energy drinks and identify safe levels of nutrient addition for supplemented foods, there is a need to scrutinize the labelling and nutrient content of novel beverages more broadly to ensure that consumers are not misled or exposed to unnecessarily high nutrient loads with no potential benefit.
